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The present applicatio i 
the present application to 
0575. 



L REAL PARTY IN INTEREST 

is owned by Advanced Micro Devices, Inc, The assignment of 
Advanced Micro Devices, Inc., is recorded at Reel 0U127, Frame 



IL RELA TED APPEALS AND INTERFERENCES 

of any related appeals and/or interferences that might affect tlie 



Applicant is not awar 
outcome of this proceeding. 



Claims 1-19 and 2&-3 
are attached as Appendix A. 
being obvious over admitted 
(\JS. Patent No. 4,657,628), 
Patent No. 5,298,278). 



Ili STATUS OF THE CLAIMS 

arc pending in the application. The claims as currently pending 
:iaims M9 and 28-31 stand rejected under 35 U.S.C. § 103(a) as 
I -ior art and Choi, et al (U.S. Patent No. 4,663.191 ), HoUoway, et al 
Maris, et al (U.S. Patent No. 5,844,684), and Mifune, et al (U.S. 



IV. 
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There were no amend] lents after the fmal rejections. 
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V. iUMMARY OF THE INVENTION 

Field effect transistors typically include a gate dielectric, a gate electrode, a plurality of 
sidewail spacers, and multip i source/drain regions. To reduce the contact resistance of the 
source/draiti regions and the gate electrode, metal silicide regions may be formed on the 
source/drain regions and on me gate electrode by, e.g., annealing a layer of refractory metal. 
However, portions of the refr ctory layer may not react to form metal silicide. For example, in 
areas where the refractory me al layer is not in contact with polysilicon, e.g., the surface of the 
sidewail spacers, the refractor metal layer will not be converted to a metal silicide. However, it 
is imperative that no "bridgiii material, such as un-reacted portions of the refractory layer, be 
left between the metal siiiciie regioiis formed above the source/drain regions and the gate 
electrode. Otherwise, a &ho t circuit path may be established that may severely hamper or 
prevent the functioning of this device. 

The un-reacted refracl )ry metal layer is therefore typically removed using a dilute acid 
baih, such as a bath comprise* of sulfuric acid and hydrogen peroxide. In an effort to insure that 
essentially all of the un-reactt i refractory metal is removed from places where it should not be, 
the removal process is desig ed for a "worst-case" situation. That is, tlie parameters of the 
removal process used to rem( ve the un-reacted refractory metal are set based upon the greatest 
thickness anticipated for tl^e refractory metal, i.e., existing methods set the duration of the 
chemical removal process ba sd upon the thickest layer of refractory metaJ that may be antici- 
pated by tlie process, Howev t, in situations where the layer of refractory metal is less than the 
majdmura thickness anticipai ?d by llie design process, designing for a "worst-case" situation 
results in subjecting the de^ ce to the etching process for longer than would otherwise be 
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requiied to remove t]ie uin 
needlessly consumes some i 
increases the sheet resistance 



reacted portions of tlic layer of refractory metal. This over-etching 
the thickness of the metal silicide regions, which undesirably 
>f the metaJ silicide regions. 



Thus, with regard to h dependent claim 1 , Applicant describes and claims forming a layer 
comprised of a refractory mflta], determining a thickness of the layer of refractory metal , and 
converting a portion of the la; er of refractory metal to a metal silicide. For example, a metrology 

the as-formed thickness of the refractory metal layer. See Patent 
. Applicant further describes and claims determining a duration of 



tool may be used to measure 
Application, page 10. 11 12-1 



an etching process to reraovt un-rcacted portions of tlie re&actory metal layer based upon the 



determined thickness of the 



Appellant 

present in this case. The folio 
and 28-31 are obvious over 



ifractory metal layer and performing the etching process for the 



determined duration to remo\ i the un-reacted portions of the refractory metal layer. With regard 
to independent claim 12, A )plicant additionally describes and claims depositing the layer 
comprised of the refractory n etal above a plurality of source/drain regions and a gate electrode 
of a transistor, as well as co iverting the portion of the layer of refractory metal to the metal 
silicide by performing at least Dne anneal process. 



VI. ISSUE ON APPE AL 

respectful 1>J requests that the Board review and overturn the single rejection 
^iag issue is presented on appeal in this case: Whetlier claims 1-19 
adJnitted prior art and Choi, HoUoway, Maris, and Mijvne. 



Serial No. 0^/624,656 
Appeal Bnef 



Received from < /13934701 1 > at mm 5:34:46 PM [Eastern DayligM Time] 



08/25/2003 16:29 wm 17033729311 



NO . 265 P05 



VIL 

For the issues presente i 
together. 



GROUPING OF THE CLAIMS 

above, claims 1-19 and 2 8 -3 J may be considered to stand or fall 



Vm. ARGUMENT 



A. Legai Standan Is 



To establish a prima) icie case of obviousness, three basic criteria must be met. First, 
there miist be some suggest: m or motivation , either in the references themselves Or in the 



knowledge generally availabl 
combine reference teachings 
Finally, the prior art reference 
limitations . The leaching or 
expectation of success must 
disclosure . In re Vcteck, 947 



to one of ordinary skill in the art, to modify the reference or to 
Second, there must be a reasonable expectation of success. 
;or references when combined) must teach or sufifiest aJl the claiin 
suggestion to make the claimed combination and the reasonable 
both be found in the prior art, and not based on applicant's 
^2d 488, 20 aS.P.0.2d 1438 (Fed. Cir. 1991); M.P.E.P. § 2142. 



Moreover, all the claim limita ons must be taught or suggested by the prior art. Jrt re Royka, 490 



F.2d 981, 180 U.S.P.Q. 580 
U.S.C, § 103, then any claim 
U,S.P.Q.2d 1596 (Fed. Cir. 1< 



With respect to alleg& 
to suggest the desirability, an! 



care Corp., llOFJd 1573 (F 
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CCPA 1974). If an independent claim is nonobvious under 35 
lepending therefrom is nonobvious. In re Fine, 837 F.2d 107U 5 
18); M.RE.P. § 2143.03. 



obviousness, there must be something in the prior art as a whole 
thus the obviousness, of making the combination. PanduU Corp. 
V. Denmson Mfg. Co,, 810 pftd 1561 (Fed. Cir. 1986). In fact, the absence of a suggestion to 
combine is dispositive in an ( bviousness determination. Gumbro lundia AB v. Baxter Health- 

d. Cir. 1997). The mere fact that the pnor art can be combined or 
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modified does not make the 
desirability of the combinatio 
M.P.E.P. §2143.01. The 
art would have suggested to 
and would have a reasonable 
suggestion and the expectatio: 
disclosure. In re Vaeck, 947 ] 
F.2d894 (Fed. Cir. 1988); M. 



r :sultant combination obvious unless the prior art also suggests the 
. In re Mills, 916 F.2d 680, 16 U.S.P.Q.2d 1430 (Fed. Cir, 1990); 
coifcistent criterion for determining obviousness is whether ihe prior 
(316 of ordinary skill in tlie art that the process should be carried out 
ikelihood of success, viewed in the light of the prior art. Both the 
of success must be founded in the prior art, not in the Applicant's 
.2d 488, 20 U-S.P.Q.2d 1438 (Fed, Cir. im jnre OTaneli, 853 
.E.P. §2142. 



B- Claims 1-19 a d 28-31 are not obvious over the admitted prior art and Clwiy 



In this case, it is res| 
many reasons. First, even if 
references are combined, the; 
Second, even considering ail 
record for the entirety of the 



As discussed above, 
thickness of the layer of 



a metal silicide, determining 
the refractoty metal layer 



performing the etching proce 
the refracioi-y metal layer. 



ctfully submitted that the obviousness rejection is improper for 
he admitted prior art and the Choi, HoUovvay, Maris, and Mifune 
do not disclose each and every feature of the claimed invention, 
the art and statements, there is no suggestion in the prior art of 
cQaimed invention. 



1 le present ijivention inclvidcs, among other things, determining a 
refraltory metal , converting a portion of the layer of refractory metal to 



duration of an etdung process to remove un-reacted portions of 
basid upon the determined thickness of the refractor\' metal layer , and 



for the determined duration to remove the un-reacted ponions of 



Serial No. 09/624,656 
Appeal Bnef 



Received from < 7139347011 > at 8/25/03 5:34:46 PM [Eastern Daylight Tirne] 



ee/25/2003 16:29 UMA ^ 17038729311 



NO . 265 037 



The admitted prior ar 
source/drain regions by 
source/drain regioD5. Un- 
a dilute acid bath. See Patent 
duration of the described 
be anticipated by the process. 



describes forming metal siUcide regions on a gate electrode and 
deposing a layer of refractory material above the gate electrode and the 
portions of tlie refractory material arc removed. Typically using 
Application* pg. 3, 11.8-25. In contrast to the present invention, the 
cheiflicai removal process is based upon the greatest thickness that may 
lee Patent Application, pg, 4, 11. 7-10- 



Applicant respectfully submits that the methodologies set forth in the pending claims are 



fundamentally different from 
the application, for example. 



he prior art methodologies described in the background section of 
in situations where the layer of re&actory metal is less than the 



maximum thickness anticipa cd by the design process, the methodologies set forth in the 



background section of the apj lication, i.e. the admitted prior art, results in subjecting the device 
to the etching process for a dfration longer than would otherwise be required to remove the un- 
reacted portions of the layer |f refractory metal. In turn, this over-etcliing needlessly consumes 
some of the thickness of tl ; metal silicide regions, which undesirably increases the sheet 
resistance of the metal silic: ie regions. For at least the aforementioned reasons, Applicants 
respectfully submit that the a( .nitted prior art fails to describe or suggest determinint^ a thickness 
of the layer of refractory met I. Moreover, the admitted prior art also fails to describe or suggest 
determining a duration of at] etching process to remove un-reacted portions of the refractory 
metal layer based upon the etermined thickness of the refractory metal layer and performing 



the etching process for the 
refractory metal layer. 



determined duration to remove the un-reacted portions of the 
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In the Advisor>' Acti n, the Examiner argues that the admitted prior art, and Choi, 
Hollo way, Maris, and Mifunenteach tliat the thickness of the refractory metal layer is determined 
cither by design rule, by pre^oiis routine experimentation, or even by assumption. Applicant 
respectfulJy disagrees and su >mits that the design rules, previous routine experimentation, or 
assumptions invoked by the Hkaminer merely establish an anticipated thickness of the refractory 
metal layer. However, the thic aiess of the refractory metal layer formed by the methods set forth 
in independent claims 1 and 1 > may differ from the anticipated thickness of the refractory metal 
layer described in the admitt d prior art. In particular, the thickness of the formed refractoiy 

the maximum thickness miticipated by the design process. See 
M2. 



metal layer may be less thai 
Patent Application, page 4, 11. 



Furthemiore, at least 
refractory metal layer formed 
from the anticipated tbicknes 
anticipated thickness of the 
fprrned refractory metal layej 
foiined by a silicidation v 
titanium layer, "depending o^ 
9A. 



Moreover, the admi 
motivation to modify the 



one of the cited references teaches that the thickness of the 
>y the methods set forth in independent claims 1 and 12 may differ 
of the refractory metal. For example, Holloway teaches that the 
i^fractory metal layer may be different than the thickness of the 
In particular, Holloway states that a thickness of a TiSij layer 
eafltion will be "roughly" one to nvo times a tliickness (dl) of a 
reaction conditions." See Holloway, col. 7, 11. 50-57 and Figure 



rt 4 



prior art and the cited references provide no suggestion or 
arc to arrive at tlie claimed invention. In particular, the cited 
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references are not concerned with removing refractory material and axe therefore completely 



silent with regard to detennin 
of the refractory metal layer 1 



i\g a duration of an etching process to remove un-reacted portions 
ased u^n the determined thiclcness of the refractory metal layer 



and performing the etching process for the deiermined dui-ation to remove the un-reacted 
portions of the refractory met I layer. It is also believed that the admitted prior art teaches away 
from Applicant's claimed in ention. In particular, the duration of the etching processes for 
removing the tin-reacted re: -actory metal layer described in the admitted prior art were 
determined based upon eithei an assumption as to the thickness of the resulting metal silicide 
layer and/or the amount of u -reacted material to be removed, or established for a worst-case 



scenario, wherein the duratioi 
that could reasonably be amic 



was established for the largest amount of material to be removed 
?ated in an effort to ensure that the essentially all of the un-reacied 



refractory metal is removed f^m places where it should not be. See Patent Application, page 4, 
II. 5-11. 



For at least the afc 



•ementioned reasons, Applicant respectfully submits that the 



obviousness rejection is impn per because even if the admined prior art and the Choi» Holloway, 



Maris, and Mifune references 
claimed inventions. Moreove 
the claimed invention. 



foregi ing 



In view of tlie 
allowing all claims pending i 



are combined, they do not disclose each and every feature of ilie 
, there is no suggestion in the prior art of record for the entirety of 



EX. CONCLUSION 



ing, it is respectfully submitted that the Examiner erred in not 
the present application, claims 1-19 and 28-31, over the prior art 
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of record. The undersigned 
comments or suggestions 



^ay be contacted at (713) 934-4052 with respect to any questions, 
relaf ng to this appeal. 



Date: August 25, 2003 



Respectfully submitted, 




[ark^. SincelK^h.D. 



Mark/ 
Re^ 

WILLIAMS, MORGAN & AMERSON 
10333 Richmond, Suite 1100 
Houston, Texas 77042 
(713)934-7000 
(713) 934-701 Kfacsimile) 

AGENT FOR APPLICANT 
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A method comprising 
forming a layer compi sed 
determining a thicknes i 
converting a portion o 
determining a diirati({}i 
refractory meti 
metal layer, an 
performing said etchi^ 
portions of sai( 



2. The method of clain 
comprises depositing a layer 



3. The method of clain 
comprises forming a layer 
titanium, tantalum and nickel. 



4. The method of clain 
comprises forming a layer c m 
regions and a gate electrode o 



APPENDIX A 

of a refractory metal; 
i of said layer of refractory metal; 
said layer of refractory metal to a metal silicide; 

of an etching process to remove imreacted portions of said 
1 layer based upon said determined thickness of said refractory 

process for said determined duration to remove said unreacted 
refractory metal layer. 



1, wherein forming a layer comprised of a refractory metal 
comprised of a refractory metal. 



1, wherein fonning a layer comprised of a refractory metal 
of a refractory metal comprised of at least one of cobalt^ 



CO nprised 



1, wherein fomiing a layer comprised of a refractory metal 
[prised of a refractory metal above a plurality of source/drain 
a transistor. 



A-l 
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3. 



The method of claim , wherein determining a thickness of said layer of refractory metal 



comprises determining a th: 



measurement of said layer of i ;fractory metal. 



6. The method of claim 
comprises determining a 
measurements of said 



7. 



The method of claim 



kness of said layer of refractory metaJ based upon a single 



wherein determining a thickness of said layer of refractory metal 
thftkness of said layer of refractory metal based upon multiple 
layer cfl-eftactOTy metal. 



wherein determining a thickness of said layer of refractory metal 



comprises determining an avei age thickness of said layer of refract0i7 metal 



8. The method of claim 
metal silicide comprises perfc 
of refractory metal to a metal 



wherein converting a portion of said layer of refractory metal to a 
ling at least one armeal process to convert a portion of said layer 
ilicide. 



9. The method of claim l| wherein converting a portion of said layer of refractory metal to a 
metal silicide comprises perf rming at least two anneal processes to convert a portion of said 
layer of refractory metal to a i iCtaJ silicide. 



10. The method of claim 
unreacted portions of said rett 
relractory metal layer comijises 



, wherein determining a duration of an etchmg process to remove 
actory metal layer based upon said determined thickness of said 
calculating a dtu-ation of an etching process to remove 



A-2 
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unreacted portiors of said re 
refractory metal Jayer. 



1 1 . The method of claim 
unreacted portions of said re 
refractory metal layer compri|D3 
portions of said refractory meJaJ 
process to said determined thi 



g Ltei 



12- A method comprising: 
depositing a layer 

regions and a 
determining a thickne 
converting a portion o 

least one anncE 
determining a duratic i 

refractory mei 

metal layer; an 
performing said etching 

portions of sai< 



actory metal layer based upon said determined thickness of said 



wherein determining a duration of an etching process to remove 
actory metal layer based upon said determined thickness of said 
selecting a duration of an etching process to remove unreacted 
layer from a database that correlate* the duration of the etching 
kness of said refractory metal layer. 



coftiprised of a refractory metal above a plurality of source/drain 
electrode of a transistor; 
of said layer of refractory metal; 

said layer of refractory metal to a metal silicide by performing at 
process; 

of an etching process to remove nnrcacted ponions of said 
layer based upon said determined thickness of said refractory 



process for said determined duration to remove said unreacted 
refractory metal layer. 
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13. The method of claim 
comprises depositing a layer 
tiUmiura, tantalum and nickel 



14- The method of claim 
meial comprises determining 
measurement of said layer 



12, wherein determining a thickness of said layer of refractory 
1 thickness of said layer of refractory metal based upon a single 
of ^fractory metal. 



15. The method of claim 
metal comprises determining 
measurements of said layer 



12, wherein determining a thickness of said layer of refractory 
I thickness of said layer of refractory metal based upon multiple 
ofl -efractory metal. 



16. The method of claim 
metal comprises determining 



1 7. The method of claim 
a metal silicide by peiformin] 
layer of refractoiy metal to a 



1 8. The method of claim 
unreacted portions of said re: 
reixacioo' metal layer com^ises 



12, wherein depositing a layer comprised of a refractory metal 
prised of a refractor)' metal comprised of at least one of cobalt, 



12, wherein detemiining a thickness of said layer of refractory 
4n average thickness of said layer of refractory metal. 



, wherein converting a portion of said layer of refractory metal to 
at least one anneal process comprises converting a portion of said 
etal silicide by performing at least two anneal processes. 



wherein determining a duration o f an etcliing process to remove 
actory metal layer based upon said determined thickness of said 
calculating a duration of m etching process to remove 
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unreacted portions of said re: 
refractory metal layer. 



actory metal layer based upon said deiennined thickness of said 



19. The method of claim 1 I, wherein determining a duration of an etching process to remove 
unreacted portions of said reflactory metal layer based upon said deteimined thickness of said 
refractory metal layer compriies selecting a duration of an etching process to remove unreacted 
portions of said refractory mejal layer from a database that correlates the duration of the etching 



process to said determined thi 



28. The method of claim 
metaJ based upon the sin^ 
determining the thickness of 
said layer of refractory metal 



5, wherein determining tlic thickness of said layer of refractory 
measurement of said layer of refractory metal comprises 
id layer of refractory metal based upon the single measurement of 
erformed by a metrology tool. 



29. The method of claim 
metal based upon multiple 
the tliickness of said layer of 
refractory metal performed 



by a 



30. The method of claim 
metal based upon the smi 
detemnining the thickness of s 
said layer of refractory metal 



knesa of said refractory metal layer. 



, wherein determining the tliickness of said layer of refractory 
m^surements of said layer of refractory metal comprises determining 
;fractory metal based upon multiple measurements of said layer of 
metrology tool. 



4, wherein determining the thickness of said layer of refractory 
e measurement of said layer of refractory metal comprises 
lid layer of refractory metal based upon the single measurement of 
erformed by a metrology tool. 
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M. The method of claim 5, wherein detemiining the thickness of said layer of refiractory 
metal based upon multiple me LSurements of said layer of refractory metal comprises determining 
Lhe thickness of said layer of j ;firactory metal based upon multiple measurements of said layer of 
refractory metal performed by a metrology tool. 



Pax 
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62003 
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